Relationship between Neuroticism, threat of shock and heart rate variability reactivity by Hansen, Anita L. & Johnsen, Bjørn Helge
www.intmarhealth.pl
Int Marit Health 
2013; 64, 2: 54–60 
www.intmarhealth.pl 
Copyright © 2013 Via Medica 
ISSN 1641–9251ORIG INAL  PAPER
54
Anita L. Hansen, Department of Psychosocial Science, University of Bergen, Christiesgt. 12, Bergen, Norway, tel: +47 55 58 31 85/+47 91623181,  
fax: +47 55 58 98 79, e-mail: anita.hansen@psysp.uib.no
Relationship between Neuroticism, threat of shock 
and heart rate variability reactivity
Anita L. Hansen1, 2, Bjørn Helge Johnsen1
1Department of Psychosocial Science, University of Bergen, Bergen, Norway 
2Centre for Research and Education in Forensic Psychiatry, Haukeland University Hospital, Bergen, Norway
ABSTRACT
The aim of the present study was to investigate the relationship between Neuroticism, non-executive func-
tioning and heart rate variability (HRV) in both threat and non-threat situations. Sixty-five male sailors from 
the Royal Norwegian Navy participated in the study. Participants were randomly assigned into non-threat and 
threat groups. Neuroticism was measured by the NEO-PI-R and, based on the median-split of Neuroticism, 
groups were divided into 2 additional groups. A Visual Search Task was used to measure non-executive 
functioning. HRV reactivity was measured during baseline-, test- and recovery-conditions. Overall, the re-
sults revealed that there were no differences between any of the groups in terms of the performance on 
the Visual Search Task: this was true for both accuracy data and mean reaction time. However, the results 
showed that the High Neuroticism Threat Group had a significant increase in HRV from test-condition to 
recovery. This may indicate that the High Neuroticism Threat Group found the whole task condition more 
stressful due to the threat situation. 
(Int Marit Health 2013; 64, 2: 54–60)
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INTRODUCTION
Navigation onboard vessel requires high demands on 
attentional and memory processes and complex interaction 
of both executive and non-executive functions in different 
kinds of situations. Detections of critical signals, like lan-
terns and navigational lights have to be attended to and 
understood during conditions such as fatigue, high stress 
or threat situations. Previously, studies from our research 
group has focused on these cognitive mechanisms in rela-
tion to onboard environment in different kinds of situations 
(e.g. during normal circumstances and threat situations) 
[1–3] and it has been found that executive functioning in 
particular, is associated with other underlying mechanisms 
such as heart rate variability (HRV), but also Situation Aware-
ness and personality [4]. 
Thus, studies from our and other research labs, have 
put emphasize on individual differences in executive func-
tioning. In the study of Saus et al. [4] it was reported that 
higher Situation Awareness in navigation simulators for 
naval cadets was characterised by a resilient personality 
type. This personality type consists of high scores on Ex-
traversion and Conscientiousness as well as low scores on 
Neuroticism. Another recent study identified several traits 
and state correlates of individual differences in the func-
tioning of attentional network [5]. Mathews and Zeidner [5] 
confirmed that state task engagement and the traits of Ex-
traversion and Conscientiousness were all associated with 
superior executive functioning. Path analyses suggested 
that Extraversion might have a direct effect on executive 
control, and Conscientiousness an indirect effect, mediated 
by task engagement. However, Neuroticism did not affect 
executive functions. 
Neuroticism gives a picture of anxiety, hostility, self-con-
sciousness, impulsivity, and vulnerability. The 5-factor mod-
el of personality was originally developed in order to describe 
the basic traits comprising the normal population (NEO-PI 
— Neuroticism, Extraversion, Agreeableness, Openness, 
Conscientiousness) [6]. However, Costa and Widiger [7] 
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argued that this model is useful in describing personality 
disorders and psychopathology as well as normal variations 
in trait dispositions. 
Studies have exhibited a relationship between persona-
lity and HRV. HRV is a measure of the continuous interplay 
between sympathetic and parasympathetic influences on 
heart rate [8]. Sollers et al. [9] found that subjects with 
high score on Neuroticism also showed a decreased HRV 
compared to subjects who scored low on Neuroticism. 
Previous studies from our lab have shown that subjects 
characterised by high HRV during normal circumstances 
had better performance on tasks that required executive 
functioning compared to individual with low HRV. On the 
other hand no differences between high and low HRV have 
been found on tasks taxing non-executive functioning (e.g. 
[1, 2, 10]). Thus, the findings related to Neuroticism and 
executive functioning in Mathews and Zeidner’s [5] study 
seem to be contradictory. 
However, in the study performed by Hansen et al. [2] 
it was found that during a situation where subjects were 
exposed to an adverse and harmful event (threat of shock), 
participants with low HRV performed as good as participants 
with high HRV on an executive function task (accuracy data). 
Moreover it was found that a low HRV threat group had 
faster mean reaction time compared to the high HRV threat 
group on a non-executive (simple reaction time) task. Thus, 
it was speculated that fear, induced by threat of shock, had 
motivational effect on participants with low HRV and that 
they increased their attention to the task as they strove 
to improve their performance and avoid the punishment. 
Considering the relationship between Neuroticism and low 
HRV [9], as well as Eysenck’s [11] suggestion that individual 
variations in personality dimensions reflects differences in 
neurophysiological functioning it will be of importance to 
investigate reactivity related to Neuroticism during different 
test-conditions and in different situation such as threat and 
non-threat situations. 
Executive functions are needed when task demands are 
non-routine and they are responsible for human planning, 
reasoning, problem solving, decision-making, and acting 
[12]. Thayer and Lane [13] developed a network model that 
integrates functionally psychological processes with physio-
logical underlying structures. In this model they emphasized 
HRV as an index of self-regulation and executive functioning. 
Moreover, Porges and Raskin [14] demonstrated that HRV 
was significantly reduced during sustained attention tasks. 
This was supported by Hansen et al. [1]. However, in this 
study there was a significant increase in HRV from baseline 
and test-conditions to the recovery phase. Before exposure 
to an experimental test procedure the participants may be 
characterised by performance anxiety. Thus, HRV reactivity 
measured after attention termination or an experimental 
test procedure may be regarded as a better index of resting 
HRV since there is no anticipation effect confounded in the 
recording of resting HRV [1]. Thus, HRV recovery may add 
some significant information with regard to the physiological 
effort spent during a demanding situation. 
In an operational setting non-executive attentional pro-
cesses are equally important as the executive functioning. 
In contrast to executive function tasks, non-executive func-
tion tasks are based on processes driven automatically or 
reflexively by stimulation. This occurs even when the person 
is instructed to be passive toward the event. In accordance 
to Cowan [15, 16] it could be argued that simple reaction 
time and choice reaction time tasks are non-executive tasks 
since they do not require short-term memory in addition to 
controlled and focused attention, or manipulation of new 
information. Another variant of these non-executive function 
tasks is the Visual Search Tasks which could be described 
as a kind of pop-out attention task [17] where the subjects 
have to respond when a discrepancy from the background 
display is presented on the screen. The main difference be-
tween the executive and the non-executive tasks is that the 
executive tasks require active attention, while non-executive 
tasks only require a passive attention toward the event [17]. 
Several studies have shown that non-executive functions 
are not affected by individual characteristics or environ-
mental changes or demands (e.g. [1–3, 10]). Based on the 
evidence that during threat of shock low HRV individuals 
performed as good as high HRV individuals on executive 
function tasks, together with the fact that high Neuroticism 
is associated with lower HRV [9] and higher physiological 
arousal in general [11], there is reason to believe that 
these individuals will experience exhaustion after some 
time, especially in a threatening situation. However, less is 
known about the physiological effort during a threatening 
condition in subjects scoring high on Neuroticism. Since non-
-executive functioning is extremely important in operational 
settings, physiological effort during different task conditions 
(cf. baseline, test and recovery) in different environmental 
demands has to be investigated. More knowledge about this 
may have important implications with regard to selection, 
prevention of accidents and development of intervention 
programs in order to improve personal competence. 
Thus, the aim of this study was to investigate the rela-
tionship between levels of Neuroticism and performance 
on non-executive functioning in both non-threat and threat 
situations. Based on earlier findings [1, 2, 10] related to 
non-executive functioning, we did not expect to find any 
differences between any of the groups on performance on 
a Visual Search Task. Furthermore, we wanted to explore 
whether high Neuroticism was associated with increased 
physiological effort during exposure to an experimental test 
procedure during threat of shock. 
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MATERIAL AND METHODS 
PARTICIPANTS
 Sixty-five male sailors, with a mean age of 23.1 years, 
(range from 18 to 36 years); from the Royal Norwegian Naval 
Academy participated in this study. 
APPARATUS AND STIMULI 
Neuroticism was assessed by the NEO-PI-R [18]. 
A Visual Search Test was used as a pop-out attention 
task in order to measure non-executive function. The test 
was presented using the Micro Experimental Laboratory 
(version 2) [19] installed on a Fujitsu Life Book with 10 × 
× 7.5 inch screen. The task required an active scan for the 
letters I, F, L, or S among a background of the E. All letters 
were presented on the screen. 
Cardiac activity was measured by using an Ambulatory 
Monitoring System [20]. The cardiac responses were mea-
sured with 8 mm Ag/AgC1 ECG electrodes (Cleartrode, 
Disposable Pregelled Electrodes, 150, Standard Silver). One 
electrode was placed over the jugular notch of the sternum, 
between the collarbones, another was placed 4 cm under 
the left breast between the ribs, and the third electrode was 
placed at the right lateral side between the 2 lower ribs. 
Shock was administered to the participants by a pul-
sating (18 Hz) adjustable DC shock generator. The electric 
shock was delivered through the fourth and fifth fingers, on 
the non-dominant hand. 
PROCEDURE
In order to recruit the participants, we contacted one of 
the chief officers in the operational unit in the Royal Norwe-
gian Navy and informed him about the purpose of the study. 
The participants were recruited by both written and verbal 
information about the study. All participants were tested 
individually at the same time of day (9.00 a.m.–12.00 a.m.). 
Before the start of the experiment the participants read and 
signed an informed consent statement. They were informed 
about their rights to leave the experiment at any time. No 
participants withdrew from the experiment.
HRV was registered during 5 min of rest (baseline 
condition), during exposure to the experimental task (test 
condition) and then during 5 min of rest again (recovery 
condition). The participants were randomly assigned into 
non-threat and threat groups. The intensity of the electrical 
shocks was set individually to the threat group after baseline 
psychophysiological recordings, but before presentation of 
the cognitive task. The procedure for setting the shock in-
tensity followed standard procedure. The instructions to the 
subjects were that the shock should be unpleasant but not 
painful, and they were exposed to gradually increasing inten-
sities [21, 22]. They were also told that they had to respond 
as soon as possible to the target stimuli on the cognitive 
tasks. If not, they would get an electric shock. Furthermore, 
they were informed that the criterion for responding varied 
randomly in order to prevent the participants from guessing 
the criterion. In spite of the instruction, no shocks were to 
be administered during the experiment [23]. 
Before presenting the Visual Search Task the partici-
pants were instructed to focus on the computer screen and 
respond as soon as possible to the target stimuli that were 
I, F, L, S or only E’s. Thus, the participants were instructed to 
press the corresponding button (I, F, L, or S) on the keyboard 
if they could detect any deviations from the background that 
consisted of E’s. If only the background that consisted of 
only E’s was presented they were instructed to press the 
corresponding button “E” on the keyboard. Accuracy data 
was measured by frequency of correct responses to target 
stimuli. The responses were recorded in milliseconds from 
the stimulus onset to the manual reaction by the partici-
pants. The reaction times indicate the average speed with 
which the individual was able to respond to target stimuli. 
This was done using the internal clock of the computer.
HRV was measured as the root mean of the squared 
successive differences (rMSSD), and also averaged over 
task period. Each R- to R-wave inter-beat interval in the 
selected period was used to calculate the average HR and 
the rMSSD. rMSSD is an index of vagally mediated cardiac 
control that correlates highly (about 0.90) with spectrally 
derived measures of vagally-mediated HRV [24, 25]. In 
addition, this measure acts as a high pass filter and thus 
removes the slower, blood pressure mediated variability 
from the signal. HR was measured as beats per minutes, 
based on the inter-beat intervals averaged over 30 s periods.
In addition to the randomly assigned non-threat 
(31 participants), and threat (34 participants) groups, the par-
ticipants were further assigned into two groups; High Neu-
roticism and Low Neuroticism based on the median split of 
the Neuroticism (raw score > 75 = High Neuroticism). There 
were 32 participants in the High Neuroticism group and 
33 participants in the Low Neuroticism group. All together 
there were 4 groups: High Neuroticism Non-Threat (19 par-
ticipants; Neuroticism: M = 92.68/SD = 11.76); High Neu-
roticism Threat (13 participants; Neuroticism: M = 92.43/ 
/SD = 9.85); Low Neuroticism Non-Threat (13 participants; 
Neuroticism: M = 62.29/SD = 9.20) and Low Neuroticism 
Threat (20 participants; Neuroticism: M = 63.92/SD = 9.75).
The project was sanctioned by the Regional Committees 
for Medical Research Ethics, Western Norway (REK-West).
DESIGN AND STATISTICS 
Differences between the four groups on the measures 
of test performance on the Visual Search Task and HRV 
were investigated by repeated measures of ANOVA. Groups 
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were treated as independent variables, whereas conditions 
on Visual Search Task (I, F, L, S and E) and HRV reactivity 
to baseline, test-condition and recovery were treated as 
dependent variables. The results were followed up by Bon-
ferroni test. According to Wilcox [26], as well as Rosnow and 
Rosenthal [27], multiple comparison procedures should also 
be used regardless of whether omnibus tests are significant. 
Thus, based on our expectations related to the performance 
for the different groups on the non-executive functioning 
task also non-significant interactions were followed up and 
Bonferroni corrected. The magnitudes of the significant dif-
ferences between the independent means were calculated 
as effect sizes using Cohen’s d [28]. 
RESULTS
DESCRIPTIVE STATISTICS 
Means and standard deviations for performance on 
the Visual Search Task and HRV reactivity are presented 
in Table 1. 
PERFORMANCE ON VISUAL SEARCH TASK 
Accuracy data. The results revealed no effect of groups 
(F [3,55] = 1.08, p < 0.36). However, there was a signifi-
cant effect of conditions (F [4,220] = 359.93, p < 0.001) 
with a higher score on the E condition compared to the 
other conditions (F, I, L, S; Table 2). Moreover, there was 
no significant interaction between groups and conditions 
(F [12,224] = 0.76, p < 0.70). Follow up this non-significant 
interaction the Bonferroni test showed that there were no 
significant differences between the groups on non-executive 
performance (all p-values < 0.51). 
Mean response time. No effect of groups were found 
(F [3,56] = 1.58, p < 0.20). There was a significant effect 
of conditions (F [4,224] = 116.21, p < 0.001) showing a si-
gnificant longer reaction time for the E condition compared 
to the other conditions (all p-values < 0.001). Additionally 
the response time for F was significant longer than for 
the I, L, and S conditions (all p-values < 0.001; Table 2). 
The interaction between groups and conditions was not 
significant. No significant differences between any of the 
groups were found by the Bonferroni follow up test (all 
p-values < 1.00).
REACTIVITY TO TEST PROCEDURE 
Looking at HRV during the different conditions the-
re was no effect of groups (F [3,61] = 0.71, p < 0.71). 
However, there was a significant effect of conditions 
(F [2,122] = 7.12, p < 0.001). Follow up test indicated 
a significant decrease in HRV from baseline to test-con-
dition (p < 0.01), and a significant increase form test-
condition to recovery-condition (p < 0.001). Interestingly, 
there was a significant interaction between groups and 
conditions (F [6,122] = 2.54, p < 0.02). Bonferroni test 
showed that for the High Neuroticism Threat group there 
was a significant increase in HRV from test-condition to 
recovery-condition (p < 0.003, d = 0.55; Fig. 1). No other 
significant results were found. 
Table 1. Means and standard deviations (SD) for performance on the Visual Search Task (VST, mean reaction time [mRT] and num-
ber of correct responses) and heart rate variability (HRV) reactivity to the different conditions
Mean SD Mean SD Mean SD Mean SD Mean SD
mRT E F I L S  
LNNT 2003.28 374.03 1356.49 251.63 745.44 245.65 817.57 108.43 1038.41 308.56
LNT 1887.72 320.87 1389.51 286.145 772.34 284.56 793.46 287.84 941.73 265.00
HNNT 1776.27 419.46 1173.53 507.48 832.05 578.55 698.32 461.09 788.35 409.45
HNT 1968.35 323.44 1432.92 142.46 685.31 344.20 890.48 411.64 1049.96 616.91
# Correct E F I  L S  
LNNT 55.08 20.05 13.62 4.57 15.46 5.97 15.62 5.55 15.46 5.77
LNT 51.60 16.15 11.90 4.08 14.05 4.84 14.05 4.85 13.85 4.64
HNNT 43.69 23.94 10.56 5.51 11.69 6.87 11.31 6.87 11.63 6.81
HNT 51.20 16.45 12.00 4.06 13.70 4.90 14.10 4.36 13.80 4.66
HRV Baseline VST Recovery  
LNNT 66.29 41.43 54.49 39.88 60.82 43.87
LNT 70.11 50.73 66.18 48.11 75.85 47.79
HNNT 73.46 46.73 61.82 37.58 65.11 34.32
HNT 75.13 54.13 66.19 38.11 99.66 77.83
LNNT — Low Neuroticism Non-Threat; LNT — Low Neuroticism Threat; HNNT — High Neuroticism Non-Threat; HNT — High Neuroticism Threat
Int Marit Health 2013; 64, 2: 54–60
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DISCUSSION
Overall, the results revealed that there were no differences 
between any of the groups looking at the performance on 
the non-executive performance task. This was true for both 
accuracy data and mean reaction time. However, the results 
showed that the High Neuroticism Threat group had a signi-
ficant increase in HRV from task-condition to recovery. This 
may indicate that the High Neuroticism Threat group found the 
whole task condition more stressful due to the threat of shock. 
As expected, there were no differences between any of 
the groups in terms of performance on the Visual Search 
Task. The results are in line with earlier findings [1]. Howe-
ver, the Hansen et al. [2] study reported that the low HRV 
threat group showed significantly faster mean reaction 
time than the high HRV threat group. This was found only 
on a non-executive function tasks that measured simple 
reaction time, which is a task where the subjects were 
asked to press a key as soon as possible in response to 
target stimuli. This simple reaction time task provides only 
a basal measure of reaction time. Moreover, in a pre-post 
design it has also been found that subjects who showed 
a reduction in HRV due to physical exercise cessation (after 
exposure to a training program for 8 weeks) improved their 
mean reaction time from pre- to post-test on a simple non
-executive function task. Participants without reduction 
in HRV (due to continued exercise program) only showed 
improved performance on the executive function tasks [10]. 
It has been argued that performance can be related to level 
of arousal and that this relationship can be expressed as 
an inverted U-curve [29]. The cortical functions are most 
efficient at moderate levels of arousal, when the person is 
alert and wakeful, but not highly excited or agitated. Both 
low and high arousal produce inefficiency, and performance 
is best at an intermediate level of arousal. This is in line with 
Broadbent [30] who argued that the optimal level of arousal 
for performance is inversely related to task difficulty. Thus, 
based on these arguments one could also expect that both 
personal characteristic, in this case high Neuroticism, or 
threat condition would have influenced the performance 
accuracy and mean reaction time on the task. However, 
looking at the performance data on the non-executive func-
tioning task neither accuracy nor mean reaction time were 
associated with personal or situational characteristics. 
However, looking at the performance for all the groups 
pooled together, differences in conditions was found for 
both accuracy and reaction time data. Longest reaction 
time was found for the E condition and F condition. This is 
in line with Posner and Raichle [17] who argued that visual 
search where no deviances from the background are most 
time consuming followed by the target stimuli which sha-
res most common feature with the background. The letter 
F has 3 of 4 common elements with the background. Thus 
this letter would be difficult to detect among a background 
of the letter E. 
The second aim of this study was to investigate the 
reactivity to the different task conditions during threat and 
non-threat conditions in relation to levels of Neuroticism. 
Interestingly the results revealed that the High Neuroti-
cism Threat group showed a significant increase in HRV 
from test-condition to recovery. Also this is in line with the 
results from Hansen et al. [1]. In the paper of Hansen et al. 
[1] it was argued that worry related to the performance at 
the beginning of the test-procedure could have influenced 
the reactivity at baseline. Due to the instruction before the 
presentation of the experimental procedure in the current 
study (they were told that they had to respond as soon 
as possible to the target stimuli on the cognitive tasks, if 
not, they would get an electric shock), worry may also be a 
plausible explanation of the increased HRV from test-con-
dition to recover. This suggestion is further supported by the 
Table 2. The significant effect of conditions, means and standard deviations (SD) for all groups pooled together
Mean SD Mean SD Mean SD Mean SD Mean SD
mRT E F I L  S  
1897.82¹ 362.62² 1332.72 343.69 766.48 245.14 791.1 340.84 941.62 399.66
# Correct E F I L  S  
50.15³ 19.41 11.93 4.62 13.66 5.72 13.66 5.63 13.59 5.58
















Figure 1. Heart rate variability (HRV) reactivity to the different 
experimental conditions (baseline, Visual Search Task [VST] and 
recovery) for the Low Neuroticism Non-Threat group (LNNT), Low 
Neuroticism Threat group (LNT), High Neuroticism Non-Threat 
group (HNNT), and the High Neuroticism Threat group (HNT)
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fact the instruction was given to the participants after the 
baseline measure. Thus, one could expect that the lack of 
a significant decrease in HRV from baseline to test-conditions 
(cf. [14]) was due to performance anxiety, but the significant 
increase in HRV form test-condition to recovery was rela-
ted to the fear generated by the threat of electrical shock. 
The suggestion that recovery could be viewed as a better 
measure of resting cardiac activity [1] is supported and 
this change in recovery may add some significant informa-
tion which may have important implications with regard to 
a deeper understanding of what is going on in the individual 
during a demanding situation. 
According to Porges [31], usually a rapid or fast reco-
very indicates a positive and adaptive response and has 
often been associated with personal characteristics such 
as low anxiety and low levels of depression. However, in 
this case this significant increase in HRV reactivity from 
test- to recovery-condition may also indicate a feeling of 
coping and control in high Neurotic individuals due to the 
fact that they did not get any electrical shock. Thus, one 
could speculate whether the increased HRV from test-con-
dition to recovery in the present study was an expression 
of perception of safety [32] at the end of the experimental 
procedure. However, the whole threat situation in this 
study only lasted for 30 min. An open question would be 
how they would manage to recover if the situation had been 
for much longer time? 
Frankenhaeuser et al. [33] compared the performance 
of high-arousal subjects and low-arousal subjects during 
understimulation and overstimulation tasks. Performance 
during understimulation was better in the high aroused 
subjects, and during overstimulation in low aroused sub-
jects [33]. Furthermore, Broadbent [30] has shown that 
exposing subjects to a loud noise or stress (> 95 dB) im-
proved reaction time on well-rehearsed or simple tasks, 
but impaired performance on more complex tasks. This 
was especially true when the subjects experienced them-
selves to have no control over the stressor. Furthermore, 
Broadbent [34] also suggested that effects of environ-
mental stress can often give superior performance at the 
beginning of the work period. The effects of stress may 
indeed produce a greater decrement compared to normal 
condition, but often produce greater decrement at the end 
of the work period. 
CONCLUSIONS 
In summary, there were no differences between high 
and low Neuroticism groups in non-executive functioning. 
However, looking at the reactivity to the different conditions, 
the threat condition may have affected the participants 
with high Neuroticism in one way or another. The present 
findings, together with earlier knowledge [30, 32], may have 
important implications with regard to selection, prevention 
of accidents, and development of intervention programs. 
Neuroticism is associated with anxiety, hostility, self-con-
sciousness, impulsivity, and vulnerability [6]. Thus, emotio-
nal stability may be a very important personality trait for 
personnel working in high stress-environment. Moreover, 
there is a relationship between Neuroticism and HRV, an 
important index of flexibility and adaptation [31]. Thus, 
manipulation of this underlying mechanism (cf. [10]) may 
also have beneficial effect on personality traits such as Neu-
roticism. However, this issue needs further investigation. 
Additionally, more research on HRV reactivity and recovery 
after work-related stress for a longer period of time than 
30 min is of importance in order to draw any conclusion. 
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